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These developments are due in part to the ongoing exponential increase in computer processing power, doubling approximately every 2 years for the past several decades. This pattern is usually called Moore's Law and is named for Gordon Moore, a cofounder of Intel. The law is not a law like that for gravity; it is an empirical observation, which has become a self-fulfilling prophecy. Unfortunately, much of the public has come to expect that all technology does, will, or should follow such a law, which is not consistent with our everyday observations: For example, the maximum speed of cars, planes, or ships does not increase exponentially; maximum speed barely increases at all.
Cars require a portable fuel, preferably one that is widely available, low in cost, and with a high energy density. Gasoline is nature's ideal fuel. A full tank of gasoline contains as much energy as 1,000 sticks of dynamite. However, cost, national security, global climate change, and pollution lead to a national need to wean ourselves from powering cars with gasoline. There are not many alternate candidates. Natural gas is still a fossil fuel, and hydrogen can presently be produced only at a high energy cost and has low energy density. And then there is electricity. We power our mobile phones and our laptops with lithium-ion batteries-why not power our cars this way? We already have an infrastructure for generating and distributing electricity. If only we had batteries that could store enough energy to power a car several hundred kilometers and that were not too heavy and would not cost a fortune.
Sadly, such batteries do not exist. There is no Moore's Law for batteries. The reason there is a Moore's Law for computer processors is that electrons are small and they do not take up space on a chip. Chip performance is limited by the lithography technology used to fabricate the chips; as lithography improves ever smaller features can be made on processors. Batteries are not like this. Ions, which transfer charge in batteries, are large, and they take up space, as do anodes, cathodes, and electrolytes. A D-cell battery stores more energy than an AA-cell. Potentials in a battery are dictated by the relevant chemical reactions, thus limiting eventual battery performance. Significant improvement in battery capacity can only be made by changing to a different chemistry.
Scientists and battery experts, who have been optimistic in the recent past about improving lithium-ion batteries and about developing new battery chemistries-lithium/ air and lithium/sulfur are the leading candidates-are considerably less optimistic now. Improvement in energy storage density of lithium-ion batteries has been only incremental for the past decade. A largescale research consortium (the Joint Center for Energy Storage Research) has been created with an ambitious goal of improving energy storage density by a factor of five and reducing cost by a factor of five in 5 years. This can only happen if there is a terrific, wonderful, and amazing breakthrough in battery technology. One can only hope.
In addition to increased performance and lower cost, batteries need to be safe. Of course gasoline is not safe, there are hundreds of thousands of car fires every year in the United States. Nonetheless, the public is more wary of electricity than of gasoline, and the recent safety issues of lithium-ion batteries on Boeing 787 aircraft have done little to reassure the public about the safety of such batteries. Consumers are questioning the practice of putting into cars batteries that can burst into flames.
Meanwhile, while waiting for a wonderful breakthrough in battery technology, we do have a valuable and underutilized resource: energy efficiency, which in many cases is free or even has a negative cost. Cars can be made more energy efficient by reducing size, weight, and power. Incentives to reduce vehicle miles driven can be made by improving access to public transit. There are policy and financial incentives to driving less, such as higher taxes on gasoline to investments in the public transportation infrastructure. Improving the energy efficiency of cars is not a long-term solution to the problems related to combustion of fossil fuels, as cars will still be powered by gasoline. However, improved energy efficiency can happen and is happening. A good example of improved energy efficiency is hybrid cars, which can be considerably more energy efficient than traditional cars. We must take this pragmatic direction while awaiting that terrific breakthrough in battery technology we all so desire.
